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Description 

[0001] The present invention relates to a zirconia powder, a method for producing the same, and a zircon ia ceramics 
including the same. More specifically, the present invention relates to a zirconia powder having uniform quality and 

s suitable for producing a zirconia ceramics with high reliability, a method for producing the zirconia powder with high 
efficiency, and a zirconia ceramics having uniform quality and high reliability produced by using the zirconia powder. 
[0002] Ceramics are widely used in many fields thanks to its excellent mechanical properties such as heat resistance 
and abrasion resistance, as well as electric and magnetic properties and biocompatibility. Among them, ceramic sheets 
including zirconia as a main component can be effectively used as sensor parts, electrolyte film for solid oxide fuel 

10 cells and setters for calcination because of its excellent oxygen ion conductivity and heat and corrosion resistance. 
[0003] Usually, the above-described ceramic sheet including zirconia is produced by the following method. First, a 
slurry containing zirconia powder, organic binder, and a solvent is formed into a sheet by a doctor blade method, a 
calendar rolling method or an extrusion method. The resultant sheet is dried to evaporate the solvent to form a green 
sheet. The green sheet is arranged to a suitable size by cutting or punching, and then placed on a setter and calcined 

is to decompose or remove the organic binder and to sinter the ceramic powder. 

[0004] As to the zirconia powder used as raw material for ceramics formed products, there are various reports on 
its production methods and the physical properties of the ceramics produced by using the zirconia powder. However, 
most of them refer to only a particle diameter of the zirconia powder, but are silent regarding the particle size distribution. 
In fact, few of them refer to both the particle diameter and the particle size distribution. 

20 [0005] Japanese Unexamined Patent Publication No. 1-153530 describes a ceramics formed product produced by 
using zirconia powder having a primary particle diameter of 0.1 to 0.5 ujti, and the particles of 90 volume percent of 
the zirconia powder preferably have a diameter of 0.1 to 1 urn. Japanese Unexamined Patent Publication No. 4-130018 
describes a ceramics formed product produced by using zirconia powder having an average particle diameter of 1.3 
to 3.0 |am measured by centrifugation, in which particles having a particle diameter of 1 to 20 |om accounts for 45 to 

25 75 weight percent of the entire zirconia powder. Japanese Unexamined Patent Publication No. 4-202016 describes 
three types of zirconia powder, that is: (1) a zirconia powder having a particle diameter of 0.60 to 4.00 urn and an 
average particle diameter of 2.05 to 2.12 jam, in which the particles having a particle diameter of 1.00 to 3.00 jam 
accounts for 87 to 90 percent of the entire zirconia powder; (2) a zirconia powder having a particle diameter of 0.80 to 
4.00 urn and an average particle diameter of 2.18 to 2.22 urn, in which the particles having a particle diameter of 1.00 

30 to 3.00 |am accounts for 82 to 85 percent of the entire zirconia powder; and (3) a zirconia powder having a particle 
diameter of 0.88 to 4.00 |am and an average particle diameter of 2.00 to 2.04 |am, in which the particles having a particle 
diameter of 1 .00 to 3.00 |am accounts for 86 to 90 percent of the entire zirconia powder. 

[0006] However, the ceramic sheets produced by using the above-described conventional zirconia powders are likely 
to have warping and waviness. Such ceramic sheets do not have a flat surface, and have poor load resistance and 
35 bending strength. These problems become especially serious in producing a ceramic sheet having a large size and 
thin thickness. 

[0007] In order to solve the problems of the prior art, the present inventors have proposed a novel ceramic sheet 
and a method for producing the same in Japanese Unexamined Patent Publications Nos. 8-151270, 8-151271, and 
8-151275. In Japanese Unexamined Patent Publications Nos. 8-151270, 8-151271 , and 8-151275, a ceramic sheet is 

40 produced using a ceramics powder having an average particle diameter of 0.1 to 0.5 um in which the particles of 90 
volume percent of the ceramic powder have a diameter of 1 urn or smaller. The ceramic powder is produced by the 
following method. First, a raw material powder having an average particle diameter of 1.5 um, in which the particles 
of 90 volume percent of the powder have a diameter of 3 urn or smaller is mixed with water to prepare a slu rry containing 
20 weight percent of the raw material powder. The slurry is milled with a bead mill for 2 hours, thereby obtaining the 

45 ceramic powder. 

[0008] However, this method has a problem. As described above, the slurry contains 20 weight percent of raw material 
powder and it takes two hours for milling the slurry into the ceramic powder. This results in low productivity. In order 
to increase the productivity, it may be considered that larger amount of raw material powder is used in the slurry. 
However, the mere increase in the amount of raw material powder used simply extends the milling time, sometime the 

50 slurry becomes too viscous to mill any more and no improvement of productivity will result. 

[0009] Furthermore, there is another problem as follows. In general, it is preferable that the ceramic powder has fine 
particles with narrow particle size distribution, i.e., the standard deviation of the distribution curve is small. When the 
ceramic sheet is produced from a green sheet including a ceramic powder having fine particle size, for example, an 
average particle diameter of 0.1 to 0.5 jam, in which the particles of 90 volume percent of the ceramics powder have 

55 a diameter of 1 jam or smaller, large amount of binder is required to produce the green sheet. When the green sheet 
includes large amount of binder, the binder cannot be sufficiently removed when the green sheet is fired. This results 
in the formation of warping or waviness in the resultant ceramic sheet, or non-uniformity of the mechanical strength 
on the surface of the ceramic sheet. 
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[001 0] An objective of the present invention is to provide a zircon ia powder, a method for producing a zirconia powder, 
and a zirconia ceramics produced by using a zirconia powder that have overcome the problems of the prior art. 
[0011] According to one aspect of the invention, a zirconia powder has an average particle diameter of larger than 
0.5 to 0.8 um and particles of 90 volume percent of the zirconia powder have a diameter of 1 .5 jam or smaller. 

5 [0012] The zirconia powder is advantageous in efficiently producing a zirconia ceramics. Especially, the zirconia 
powder is advantageous in efficiently producing a zirconia ceramics by forming methods such as doctor blade method 
and calendar rolling method under normal pressure and then by sintering the resultant under normal pressure. 
[0013] The diameter of particles of the zirconia powder is measured by a laser beam scattering method. The term 
"volume percent" of the zirconia powder means a ratio of a volume of zirconia particles accumulated from the smallest 

10 with respect to the whole volume of the zirconia powder. 

[0014] According to another aspect of the invention, a method for producing a zirconia powder includes the step of 
wet-milling a raw material powder using balls under a condition satisfying a mathematical relation (l) ; and preferably 
a mathematical relation (II): 



15 
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40 



55 



1X10 12 ^(W 1 2 -W 2 )X(co 2 -d)XT^1X10 14 (I) 



1X10 12 ^(W 1 2 ^-W 2 )X(co 2 ^-d)XT^5X10 13 (II) 



where W-| is the weight (g) of balls, W 2 is the weight (g) of the raw material powder, co is the peripheral velocity (cm/ 
min) at an outer periphery of a rotor, d is the diameter (cm) of a milling chamber, and T is the milling time (min). 
[0015] According to another aspect of the invention, a method for producing zirconia powder having an average 
particle diameter of 0.1 to 0.8 ujti, and particles of 90 volume percent of the zirconia powder having a diameter of 1.5 
25 jLim or smaller, includes the step of wet-milling a raw material powder using balls, the raw material powder having an 
average particle diameter of larger than 0.8 urn, and particles of 90 volume percent of the raw material powder having 
a diameter of larger than 1 .5 jam, 

wherein the wet-milling is conducted under a condition satisfying the mathematical relation (II): 



1X10 12 ^(W 1 2 -W 2 )X(co 2 -d)XT^5X10 13 (II) 



where W-| is the weight (g) of balls, W 2 is the weight (g) of the raw material powder, to is the peripheral velocity (cm/ 
min) at an outer periphery of a rotor, d is the diameter (cm) of a milling chamber, and T is the milling time (min). 
35 [0016] According to another aspect of the invention, a method for producing a zirconia powder includes the step of 
wet-milling a raw material powder using balls, 

wherein a slurry containing 30 to 70 weight percent of the raw material powder is wet-milled under a condition 
satisfying the mathematical relation (I): 



1X10 12 ^(W 1 2 -W 2 )X(co 2 -d)XT^1X10 14 (I) 



where W-| is the weight (g) of balls, W 2 is the weight (g) of the raw material powder, co is the peripheral velocity (cm/ 
min) at an outer periphery of a rotor, d is the diameter (cm) of a milling chamber, and T is the milling time (min). 
45 [0017] Under the condition satisfying the mathematical relation (I), a zirconia powder having an average particle 
diameter of 0.1 to 0.8 ujti, in which particles of 90 volume percent of the zirconia powder having a diameter of 1.5 |nm 
or smaller can be produced with high productivity. Under the condition satisfying the mathematical relation (II), the 
zirconia powder of the present invention can be produced with higher productivity. 

[0018] According to another aspect of the invention, a zirconia ceramic is produced by using a zirconia powder as 
50 a raw material having an average particle diameter of larger than 0.5 to 0.8 um, and particles of 90 volume percent of 
the zirconia powder have a diameter of 1 .5 u.m or smaller. 

[0019] According to another aspect of the invention, a zirconia ceramic is produced by using a zirconia powder as 
a raw material in which particles of 90 volume percent of the zirconia powder have a diameter of 1.5 jam or smaller 
that falls within the range of 1.5 to 2.0 times larger than an average particle diameter of the zirconia powder ranging 
from larger than 0.5 to 0.8 u.m. 

[0020] Thus-produced zirconia ceramics has uniform quality and high reliability. 

[0021] The term "zirconia ceramics" means a product produced by sintering the zirconia powder of the present in- 



EP 0 884 280 B1 



vention, and a product produced by firing a green body obtained by forming the zirconia powder or a slurry containing 
the zirconia powder. Typically, the zirconia ceramics has two-dimensional shapes such as a sheet and a plate, three- 
dimensional shapes such as a sphere, a cylinder, a rectangular column, and the zirconia ceramics may have holes in 
the forms described above. 

5 [0022] The above and other objects, features and advantages of the present invention will become more apparent 
upon a reading of the following detailed description and drawings. 

[0023] Figure 1 is a schematic diagram showing a construction of a mill used in embodiments of the present invention. 
[0024] As a result of thorough studies, the present inventors have found that desired effects can be attained with the 
use of zirconia powder having a specific particle diameter and a specific particle size distribution which will be described 
10 later. Even in the case of producing the zirconia powder using a slurry containing 30 weight percent or more of a raw 
material powder, the zirconia powder can be efficiently produced in a relatively short time, specifically, less than 2 
hours, by wet-milling the slurry under the condition where the diameter of the milling chamber, the peripheral velocity 
at the outer periphery of the rotor, and the weight of the balls are properly determined. 

[0025] The zirconia powder is made to have an average particle diameter of larger than 0.5 to 0.8 um and particles 
is of 90 volume percent of the zirconia powder have a diameter of 1 .5 ujti or smaller. 

[0026] It is further possible to obtain a zirconia powder in which the particles of 90 volume percent thereof have a 
diameter of 1 .5 urn or smaller that falls within the range of 1 .5 to 2.0 times larger than the average particle diameter 
ranging from larger than 0.5 to 0.8 urn 

[0027] The zirconia powder is produced by wet-milling a raw material powder using balls under a condition satisfying 
20 a mathematical relation (I): 

1 X 10 12 ^ (\N* + W 2 ) X (co 2 + d) X T ^ 1 X 10 14 (I) 

25 where W 1 is the weight (g) of balls, W 2 is the weight (g) of the raw material powder, co is the peripheral velocity (cm/ 
min) of an outer periphery of a rotor, d is the diameter of a milling chamber, and T is the milling time (min). 
[0028] Furthermore, the zirconia powder can be produced by wet-milling a raw material powder using balls under a 
condition satisfying a mathematical relation (II): 

30 

1X10 12 ^(W 1 2 -W 2 )X(co 2 -d)XT^5X10 13 (II) 

where is the weight (g) of balls, W 2 is the weight (g) of raw material powder, co is the peripheral velocity (cm/min) 
of the outer periphery of a rotor, d is the diameter of a milling chamber, and T is the milling time (min). 
35 [0029] The raw material powder has an average particle diameter of larger than 0.8 u.m, and particles of 90 volume 
percent of the raw material powder have a diameter of larger than 1 .5 jam. 

[0030] Furthermore, the zirconia powder can be produced by wet-milling a raw material powder having an average 
particle diameter of larger than 0.8 ujti, and particles of 90 volume percent of the raw material powder having a diameter 
of larger than 1.5 ujti under the condition satisfying the mathematical relation (II). In this manner, it is possible to produce 
40 a zirconia powder having an average particle diameter of 0. 1 to 0.8 ujti, in which particles of 90 volume percent of the 
zirconia powder have a diameter of 1 .5 ujti or smaller. 

[0031] Furthermore, the zirconia powder can be produced by wet-milling a slurry containing 30 to 70 weight percent 
of the raw material powder under the condition satisfying the mathematical relation (I). 

[0032] When the zirconia powder is produced using the slurry containing the raw material powder at a concentration 
45 of 30 to 70 weight percent, the raw material powder has an average particle diameter of larger than 0.8 ujti, and particles 
of 90 volume percent of the raw material powder have a diameter of larger than 1 .5 urn In this case, the slurry may 
include 0.01 to 5 weight percent of a dispersant with respect to the raw material powder. 

[0033] In the present invention, the zirconia ceramics is produced using the zirconia powder having an average 
particle diameter of larger than 0.5 to 0.8 ujti, in which particles of 90 volume percent of the zirconia powder have a 
50 diameter of 1 .5 jam or smaller. The zirconia ceramics may have a form of sheet. 

[0034] Furthermore, the zirconia ceramics may be produced using the zirconia powder in which particles of 90 volume 
percent of the zirconia powder have a diameter of 1 .5 urn or smaller that falls within the range of 1 .5 to 2.0 times larger 
than the average particle diameter. The zirconia ceramics may have a form of sheet. 

[0035] The zirconia powder of the present invention (this powder is for use in producing a zirconia ceramics and is 
55 distinguished from "raw material powder" which is for use in producing the zirconia powder.) contains zirconia as a 
main component. Specifically the zirconia powder contains 60 weight percent or more of zirconia, and preferably 80 
weight percent or more of zirconia. On top of zirconia, the zirconia powder further includes at least one oxide selected 
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from the group consisting of yttrium (Y) oxide, cerium (Ce) oxide, calcium (Ca) oxide, magnesium (Mg) oxide, titanium 
(Ti) oxide, silica (Si) oxide, and aluminum (Al) oxide, and preferably at least one oxide selected from yttrium oxide, 
cerium oxide and calcium oxide, and the preferable content thereof is 1 to 20 weight percent. Especially preferable 
zirconia powder includes 5 to 18 weight percent of yttrium oxide and 82 to 95 weight percent of zircon ia. 

5 [0036] The zirconia powder of the present invention has an average particle diameter of larger than 0.5 to 0.8 urn, 
in which the particles of 90 volume percent of the zirconia powder have a diameter of 1 .5 u.m or smaller. Preferably, 
the particles of 90 volume percent of the zirconia powder have a diameter of larger than 1 to 1 .5 ujti. The most preferably, 
the particles of 90 volume percent of the zirconia powder have a diameter 1 .5 to 2.0 times, and preferably 1 .5 to 1 .8 
times larger than the average particle diameter of the zirconia powder The maximum particle diameter of the zirconia 

10 powder is 10 urn, and preferably 8 ujti, and more preferably 5 urn Therefore, the zirconia powder of the present 
invention contains only small amount of particles having a diameter as large as 2 ujti or larger, i.e., having a particle 
size distribution curve with narrow width. 

[0037] In the present invention, an average particle diameter and a particle diameter of 90 volume percent are meas- 
ured by a laser beam scattering method. In the laser beam scattering method, the particle diameter of the zirconia 

is powder is measured in the state where the zirconia powder is suspended in water or an aqueous solution to coagulate 
the zirconia powder particles from the primary particles into the secondary particles. In the present invention, the sec- 
ondary particle sizes are measured to obtain the average particle diameter and the particle diameter. 
[0038] Although any method can be employed for producing the zirconia powder as far as the zirconia powder has 
the above-described sizes, the zirconia powder can be effectively produced by the production method of the present 

20 invention. 

[0039] Hereinafter, the method for producing the zirconia powder according to the present invention will be described. 
[0040] In the production of the zirconia powder, a raw material powder is mixed with solvent to produce a slurry, and 
the slurry is put into a mill where the slurry is wet-milled. 

[0041] The raw material powder preferably has an average particle diameter of larger than 0.8 urn, and the particles 
25 of 90 volume percent thereof have a diameter of larger than 1 .5 urn More preferably the raw material powder has an 
average particle diameter of 0.9 to 1.5 ujti, and the particles of 90 volume percent thereof have a diameter of 2.0 to 
5.0 ujti. 

[0042] The raw material powder such as described above may be industrially available. Examples of such a powder 
include OZC-8YC (a product of Sumitomo Osaka Cement Co., Ltd.) and TZ-8Y (a product of Tosoh Corporation). 

30 [0043] A mill including balls is used for wet milling. Figure 1 is a diagram showing a construction of V-series Kemco 
Apex Mill (a product of Kotobuki Giken Kogyo Co, Ltd.) which is an example of the mill used in the present invention. 
In Figure 1 , the mill includes a milling chamber 3 in the form of a cylinder (diameter d) formed with a jacket 2. Inside 
the milling chamber 3 is filled with balls 6 (total weight for use in wet milling and is provided with a rotor 1 . The 
slurry containing the raw material powder is supplied into the milling chamber 3 through a supply port 5 formed on the 

35 jacket 2. The rotor 1 has a plurality of pins (as a stirring member) 11 extending from the center of the rotor. When the 
rotor 1 is driven by a motor, the slurry and the balls are agitated to wet-mill the slurry. As a result, the zirconia powder 
is obtained. Then, a valve 4 is opened to let the obtained zirconia powder and the balls 6 pass through the separator 
7 where the zirconia powder is separated from the balls 6. The AMV-1 type Apex Mill has a specification as follows: 
the effective capacity of the milling chamber is one liter; the diameter (d) of the milling chamber is 80mm; the height 

40 of the milling chamber is 240mm; the maximum peripheral velocity at the outer periphery 11 is 6.03m/sec at the fre- 
quency of 50Hz; and the rotation speed is 480 to 1 920rpm at the frequency of 50Hz, which corresponds to 570 to 2304 
rpm at the frequency of 60Hz. 

[0044] It should be noted that the term "the peripheral velocity at the outer periphery of the rotor" is meant to be the 
peripheral velocity at the leading end of pin (a position at the most radially outward from the center of the rotor). 

45 [0045] The mill is not necessarily limited tothat shown in Figure 1 , and may be of any type as far as it has a hermetically 
closed-type milling chamber in which balls and a rotor having pins can be set. The material of the balls is not necessarily 
limited either. Notes preferable diameter of the balls however, is 0.3 to 3mm. 
[0046] The wet milling is performed under the condition satisfying the mathematical relation (I). 
[0047] In the mathematical relation (I), it is preferable to satisfy the relationship of W 1 /W 2 ^0.1 . In the case of using 

50 AMV-1 type Apex Mill, it is preferable to satisfy the following relationship: 0.5 ^ \N^I\N 2 = 1.5, and more preferably 
0.8^W 1 /W 2 ^1 .2 ; 3^od^8 (m/sec), and more preferably 5^co^7 (m/sec); d=80mm; and T^120(min). 
[0048] Under the condition satisfying the mathematical relation (I), the zirconia powder can be produced in a relatively 
short time, specifically, less than 2 hours. The slurry may contain large amount of the raw material powder, for example, 
40 weight percent in the presence of dispersant. With the dispersant, the slurry containing such a large amount of raw 

55 material powder can be sufficiently wet-milled. This results in enhancing productivity and providing industrial advan- 
tages. 

[0049] When the slurry contains the dispersant, the zirconia powder can be more effectively produced by wet-milling 
the slurry under the condition satisfying the mathematical relation (II). 
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[0050] By conducting the wet milling using the raw material powder described above under the condition satisfying 
the mathematical relation (I) or (II), it is possible to obtain the zirconia powder having an average particle diameter of 
0.1 to 0.8 jam, in which the particles of 90 volume percent thereof have a diameter of 1.5 jam or smaller. It is further 
possible to obtain the zirconia powder having an average particle diameter of 0.1 to 0.8 jam, and the particles of 90 

5 volume percent thereof have a diameter of 1.5 jam or smaller which falls within the range of 1.5 to 2.0 times, and 
preferably 1.5 to 1.8 times the average particle diameter. In addition, the zirconia powder having an average particle 
diameter of larger than 0.5 to 0.8 |am, in which the particles of 90 volume percent thereof have a diameter of larger 
than 1 to 1.5 jam can be also obtained by properly setting the weight (W-|) of the balls, the weight (W 2 ) of the raw 
material powder the peripheral velocity (co) at the outer periphery of the rotor, the diameter (d) of the milling chamber, 

10 and the milling time (T), or alternatively such a zirconia powder is selectively taken out by classification. 

[0051] As described above, the raw material powder is mixed with solvent to produce a slurry, and the slurry is put 
into a mill where the slurry is wet-milled. Any solvent can be used as far as it does not inhibit the wet-milling. Examples 
of the solvent include water; alcohols having 9 carbon atoms such as methanol, ethanol, isopropanol, butanol, and 
octanol; aromatic hydrocarbons such as toluene and xylene, esters such as ethyl acetate and butyl acetate; cellosolves 

is such as methyl cellosolve, ethyl cellosolve, and butyl cellosolve. These may be used alone or in combination of two 
or more of them. Typical examples of mixed solvent include a mixture of non-aqueous solvent and aqueous solvent 
such as toluene/ethanol, ethyl acetate/isopropanol, toluene/butyl cellosolve. 

[0052] The slurry contains 30 to 70 weight percent of the raw material powder, and more preferably 30 to 50 weight 
percent of the raw material powder. If the concentration of the raw material powder is too high, the wet-milling of the 

20 slurry becomes difficult. 

[0053] A dispersant may be added to the slurry in order that the raw material powder sufficiently disperses in the 
slurry. With the addition of the dispersant, it is possible to sufficiently wet-mill the slurry containing the raw material of 
high concentration, for example, 40 to 70 weight percent of the raw material powder, and 45 to 55 weight percent of 
the raw material powder. This results in further enhancing the productivity of the zirconia powder. 

25 [0054] Examples of dispersant used in the present invention include organic acids such as formic acid, citric acid, 
and tartaric acid; polymer electrolytes such as polyacrylic acid, and polyacrylic ammonium; surfactants such as 
branched polymer nonionic surfactant, carboxylic acid type surfactant, ammonium p-naphthalenesulfonate, polymer 
surfactant, and nonionic surfactant (for example, Discol: a product of Dai-ichi Kogyo Seiyaku Co., Ltd; and Homogenol: 
a product of Kao Corporation); ethers such as poly oxy ethylene nonyl phenyl ether, polyoxyethylene alkyl ether (for 

30 example, lonet: a product of Sanyo Chemical Industries, Ltd.); copolymers of partially esterified dicarboxylic acid or 
partially esterified carboxylic acid (for example, Bunsan G-200: a product of Kyoeisha Kagaku Co., Ltd.; and Floren 
G-700: a product of Kyoeisha Kagaku Co., Ltd.); acrylic acid ester based dispersant and maleic acid ester based 
dispersant (for example, Oricox: a product of Kyoeisha Kagaku Co., Ltd.); and glycerine, sorbitan fatty acid ester, 
polyoxyethylene fatty acid diester, and the like. Among them, especially preferable are copolymers of partially esterified 

35 dicarboxylic acid or partially esterified carboxylic acid, which are surfactants having acid values. 

[0055] Preferable amount of dispersant to be added to the slurry is 0.01 to 5 weight percent with respect to the raw 
material powder, and more preferably 0.3 to 2 weight percent. 

[0056] As described above, the raw material powder is mixed with the solvent in the presence of dispersant to produce 
the slurry. The slurry contains 30 weight percent or more of raw material powder, and more preferably 40 to 70 weight 

40 percent of the raw material powder, and is wet-milled using the balls. 

[0057] The raw material powder, the solvent, and the dispersant may be put into the mill where they are mixed with 
each other to produce the slurry. Or alternatively, the raw material powder, the solvent, and the dispersant may be 
mixed with each other to produce the slurry and then, the resultant slurry is put into the mill. The wet-milling may be 
conducted batchwise or continuously. 

45 [0058] The wet-milled slurry may be used as a raw material for producing a zirconia ceramics as it is, or may be 
dried under reduced pressure to obtain a zirconia powder used for producing a zirconia ceramics. Or alternatively, a 
predetermined amount of a binder and a plasticizer may be added to the wet-milled slurry to produce a green product. 
[0059] The wet-milled slurry can be dried under reduced pressure by a rotary evaporator or an oscillation fluidized 
drier (for example, VU-60: a product of Chuo Kakoki Co., Ltd.). 

50 [0060] In the present invention, the average particle diameter and the particle diameter accounting for 90 volume 
percent of the raw material powder are measured by a laser diffraction system particle size distribution measuring 
apparatus (SALD-1100: brand name, manufactured by Shimadzu-Seisakusho K.K.). The measurement was taken by 
the following manner. About 0.01 to 0.1g of the raw material powder and about 100g of 0.2% sodium hexametaphos- 
phate aqueous solution were put into a beaker, and were stirred with stirrer. Then, after the raw material powder was 

55 dispersed for 60 seconds by ultrasonic wave, the particle size measurement of two seconds was repeated four times 
within the measurement range covering 0.1 to 45um Thereafter, the values from four times of measurements were 
averaged to obtain the average particle diameter and the diameter of the particles accounting for 90 volume percent 
of the raw material. 
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[0061] The same steps were repeated to obtain the average particle diameter and the particle diameter accounting 

for 90 volume percent of the zirconia powder. 

[0062] Hereinafter, the zirconia ceramics will be described. 

[0063] The zirconia ceramics of the present invention is produced using the zirconia powder of the present invention. 

s [0064] The zirconia ceramics of the present invention can be produced by a conventional method as far as the 
zirconia powder of the present invention is used. That is, any conventional forming methods may be employed such 
as injection molding, pressing, slip casting, extrusion, and sheet forming. However, the zirconia powder is especially 
preferable in producing a zirconia ceramics by a doctor blade method and a calendar rolling method under normal 
pressure, and by further sintering process. 

10 [0065] The zirconia ceramics will be further described as to the case where the zirconia ceramics is produced from 
a zirconia green sheet for convenience of explanation. 

[0066] The zirconia powder of the present invention is mixed with a binder and a solvent, and further mixed with a 
dispersant and a plasticizer if necessary by a conventional ball mill method to produce a slurry. The slurry is formed 
into the form of a sheet by a doctor blade method or a calendar rolling method to produce a green sheet. 

is [0067] The binder used in the present invention is not specifically limited, and may be suitably selected from com- 
mercially available organic or inorganic binders. Examples of organic binders include ethylene-based copolymers, 
styrene-based copolymers, acrylate and methacrylate-based copolymers, vinyl acetate-based copolymers, maleic ac- 
id-based copolymers, vinyl butyral-based resins, vinyl acetal-based resins, vinyl formal-based resins, vinyl alcohol- 
based resins, waxes, and celluloses such as ethyl cellulose. Examples of inorganic binders include zirconia sol, silica 

20 sol, alumina sol, and titania sol. 

[0068] The use amount of the binder may be suitably determined depending upon the required strength and flexibility 
of the green sheet, and the viscosity of the slurry. For example, 1 0 to 30 parts by weight of binder is used with respect 
to 1 00 parts by weight of zirconia powder. 

[0069] The solvent used for preparing the slurry is not necessarily limited, and may be suitably selected from con- 
25 ventionally used organic solvents and water. Examples of organic solvents include: alcohols such as methanol, ethanol, 
2-propanol, 1 -butanol, and 1 -hexanol; ketones such as acetone and 2-butanone: aliphatic hydrocarbons such as pen- 
tane, hexane, and heptane; aromatic hydrocarbons such as benzene, toluene, xylene, and ethylbenzene; and acetic 
esters such as methyl acetate, ethyl acetate, and butyl acetate. 

[0070] The use amount of the solvent can suitably be controlled in such a manner that the viscosity of the slurry 
30 preferably falls in a range of 20 to 200 poise. 

[0071] The slurry is casted onto a polymer film such as polyethylene terephthalate (PET) by a conventional method 
such as doctor blade method and calendar rolling method. Then, the resultant is dried to produce a green sheet. The 
green sheet usually has a thickness of 0.1 to 2mm. 

[0072] Thus-obtained green sheet is placed on a setter, for example, a porous alumina setter, and is sintered at 1 200 
35 to 1 700°C under normal pressure, thereby producing a zirconia ceramics in the form of a sheet. 

[0073] The quality and reliability of the zirconia ceramics are generally indicated by Weibull modulus (m). Weibull 
modulus (m) shows the variety in mechanical strength by a statistically generated theory. The higher the value of 
Weibull modulus (m), the smaller the variety in mechanical strength of the zirconia sheet becomes, and therefore, is 
preferable. The zirconia ceramics of the present invention has a value of Weibull modulus (m) of 10 or higher. 

40 

EXAMPLE 

[0074] Hereinafter, the present invention will be further described by way of Examples. 
45 [Relationship between the method for producing a zirconia powder and the produced zirconia powder] 

[0075] In Examples 1 to 6 and Comparative Examples 1 and 2, the following condition is assumed to be met: 

EXAMPLE 1 

[0076] Into Apex Mill (AMV-1 type: a product of Kotobuki Giken Kogyo Co., Ltd. which has a milling chamber of 8cm 
55 diameter. Hereinafter, Apex Mill indicates the same type as this.), added were 4kg of commercially available zirconia 
powder (OZC-8YC: a product of Sumitomo Osaka Cement Co., Ltd.) having an average particle diameter of 0.84 ujti 
in which particles of 90 volume percent thereof have a diameter of 2.65 ujti as a raw material powder, and 6kg of pure 
water as a solvent. The Apex Mill included 4kg of zirconia balls having a diameter of 0.5mm (specific gravity: 6g/cm 3 ). 
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The raw material powder mixed with pure water was wet-milled at 7m/sec of the peripheral velocity (co) at the outer 
periphery ot the rotor driven by a motor for 1 hour to produce a slurry. In this case, the value X was 5.3X1 0 13 . 
[0077] Into a rotary evaporator, 10 liters of the slurry was put, and 10 liters of octanol was further added thereto. The 
resultant was heated under reduced pressure to distillate water, thereby obtaining octanol-substituted slurry. The slurry 
5 was further heated under reduced pressure to distillate octanol, and the resultant was dried under reduced pressure, 
thereby producing a zirconia powder. The particle size of the zirconia powder was measured with a particle size dis- 
tribution measuring apparatus (SALD-1100: a product of Shimadzu Seisakusho K.K.). The zirconia powder had an 
average particle diameter of 0.66 jum, and the particles of 90 volume percent thereof had a diameter of 1.3 |nm. 

10 EXAMPLE 2 

[0078] Into the mill of the same type as used in Example 1 , added were 5.5 kg of the same type of the raw material 
powder as used in Example 1 , 44g of formic acid as a dispersant and 5kg of pure water as a solvent. The mill included 
4kg of zirconia balls having a diameter of 0.5mm (specific gravity: 6g/cm 3 ). Then, the mixture was wet-milled at 5m/ 
is sec of the peripheral velocity at the outer periphery of the rotor driven by a motor for 1 0 minutes to produce a slurry. 
In this case ; the value of X was 3.3X1 0 12 . 

[0079] The slurry was subjected to the same steps as in Example 1 to produce a zirconia powder. The particle size 
of the zirconia powder was measured by the same manner as in Example 1. The zirconia powder had an average 
particle diameter of 0.48 jum, and the particles of 90 volume percent of the zirconia powder had a diameter of 1 .0 urn 

20 

EXAMPLE 3 

[0080] Into the mill of the same type as used in Example 1 , added were 4kg of the same type of the raw material 
powder as used in Example 1 , 60g of maleic acid type partially esterified polymer dispersant (Floren G-700: a product 
25 of Kyoeisha Kagaku Co. , Ltd.) as a dispersant, and 4.06kg of a mixture of toluene/ethanol (weight ratio:4/1 ) as a solvent. 
The mill included 4kg of zirconia balls having a diameter of 0.5mm (specific gravity: 6g/cm 3 ). The mixture was wet- 
milled at 6m/sec at the outer periphery of the rotor driven by a motor for 20 minutes to produce a slurry. In this case, 
Xwas 1.3X10 13 . 

[0081] The slurry was subjected to the same steps as in Example 1 to produce a zirconia powder. The particle size 
30 of the zirconia powder was measured by the same manner as in Example 1. The zirconia powder had an average 
particle diameter of 0.27 um, and the particles of 90 volume percent of the zirconia powder had a diameter of 0.8 jam. 

EXAMPLE 4 

35 [0082] Into the mill of the same type as used in Example 1 , added were 3.5kg of the same type of the raw material 
powder as used in Example 1 , and 6.5kg of pure water as a solvent. The mill included 4.2kg of zirconia balls (specific 
gravity: 6g/cm 3 ) having a diameter of 1mm. The mixture was wet-milled at the peripheral velocity of 6.4m/sec at the 
outer periphery of the rotor driven byamotorfor 1 hour and 40 minutes to produce a slurry. In this case, X was 9.3X1 0 13 . 
[0083] The slurry was subjected to the same steps as in Example 1 to produce a zirconia powder. The particle size 

40 of the zirconia powder was measured by the same manner as in Example 1. The zirconia powder had an average 
particle diameter of 0.49 jam, and the particles of 90 volume percent of the zirconia powder had a diameter of 1 .03 jam. 

EXAMPLE 5 

45 [0084] Into the mill of the same type as used in Example 1 , added were 3kg of commercially available zirconia powder 
(TZ-8Y: a product of Tosoh Co., Ltd.) having an average particle diameter of 1 .12 |am and in which the particles of 90 
volume percent thereof had a diameter of 4.65 jam as a raw material powder, and 7kg of pure water as a solvent. The 
mill included 4.5kg of zirconia balls having a particle diameter of 0.5mm (specific gravity: 6g/cm 3 ). The mixture was 
wet-milled at the peripheral velocity of 6m/sec at the outer periphery of the rotor driven by a motor for 80 minutes to 

50 produce a slurry. In this case, X was 8.8X1 0 13 . 

[0085] The slurry was subjected to the same steps as in Example 1 to produce a zirconia powder. The particle size 
of the zirconia powder was measured by the same manner as in Example 1. The zirconia powder had an average 
particle diameter of 0.74 \im and the particles of 90 volume percent of the zirconia powder had a diameter of 1 .49 urn 

55 EXAMPLE 6 

[0086] Into the mill of the same type as used in Example 1 , added were 4kg of the same type of the raw material 
powder as used in Example 1 , 30 g of maleic acid type partially esterified polymer dispersant (Bunsan G-200: a product 
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of Kyoeisha Kagaku Co., Ltd.), and 6kg of pure water as a solvent. The mill included 4kg of zirconia balls having a 
diameter of 1 mm (specific gravity: 6g/cm 3 ). The mixture was wet-milled at the peripheral velocity of 7m/sec at the outer 
periphery of the rotor driven by a motor for 12 minutes to produce a slurry. In this case, X was 1 .1 X10 13 . 
[0087] The slurry was subjected to the same steps as in Example to produce a zirconia powder. The particle diameter 
s of the zirconia powder was measured by the same manner as that conducted in Example 1 . The zirconia powder had 
an average particle diameter of 0.61 urn, and the particles of 90 volume percent of the zirconia powder had a diameter 
of 1 .27 urn 

COMPARATIVE EXAMPLE 1 

10 

[0088] A zirconia powder of Comparative Example 1 was produced by repeating the steps of Example 1 , except that 
3.5kg of raw material powder, 5.25kg of pure water, and 5kg of zirconia balls were used, and that the wet-milling was 
conducted for 90 minutes. In this case, X was 1.4X10 14 . The result found that the mill did not operate well because 
the pipes thereof were clogged with the mixture. Therefore, the mixture could not be wet-milled. 

15 

COMPARATIVE EXAMPLE 2 

[0089] A zirconia powder was produced by repeating the steps of Example 1 , except that 4kg of raw material powder, 
5.25kg of pure water, and 2.8kg of zirconia balls were used, and that the wet-milling was conducted at the peripheral 
20 velocity of 5m/sec at the outer periphery of the rotor for 4 minutes to produce a slurry. In this case, X was 8.8X1 0 11 . 
[0090] The slurry was subjected to the same steps as in Example 1 to produce a zirconia powder. The particle 
diameter of the zirconia powder had an average particle diameter of 0.81 jum and the particles of 90 volume percent 
of the zirconia powder had a diameter of 2.05 urn. 

[0091] Table 1 shows the relationship between the particle diameters of the zirconia powders produced in Examples 
25 1 to 6 and Comparative Examples 1 and 2, and the value X. 



[Table 1] 



No. 


X 


Average particle diameter (jum) 


Particle diameter of 90 volume 
percent (ujti) 


Example 


1 


5.3X10 13 


0.66 


1.3 




2 


3.3X10 12 


0.48 


1.0 




3 


1.3X10 13 


0.27 


0.8 




4 


9.3X10 13 


0.49 


1.03 




5 


8.8X10 13 


0.74 


1.49 




6 


1.1X10 13 


0.61 


1.27 


Comparative Example 


1 


1.4X10 14 








2 


8.8X10 11 


0.81 


2.05 



[0092] As seen in Table 1, when Xwas 1 X10 12 to 1X10 14 , the wet milling was sufficiently conducted, and the zirconia 
powder of the present invention was obtained. However, when Xwas 1X10 14 or larger and 1 X10 12 or smaller, the wet 
45 milling could not be sufficiently conducted. Therefore, as compared with those of the present invention, the resultant 
zirconia powder had larger average particle diameter and the particles of 90 volume percent thereof had larger diameter, 
even though using the same type of raw material powder. 

[Comparison of the properties of zirconia powders] 

50 

[0093] Measurement was taken for the following zirconia powders to obtain the respective average particle diameters, 
the diameters of the particles of 90 volume percent thereof, the maximum particle diameters, and the standard variations 
by the same manner as that of Example 1 : 

55 A commercially available zirconia powder A (OZC-8YC; a product of Sumitomo Osaka Cement Co., Ltd.); 

A commercially available zirconia powder B (TZ-8Y; a product of Tosoh Co., Ltd.); 
A commercially available zirconia powder C (HSY-8.0; a product of Daiichi Kigenso Co., Ltd.); 
A zirconia powder produced by the method of the present invention (under the conditions shown in Table 2); and 
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A zirconia powders E and F produced according to the prior applications of the present application (No. Japanese 
Unexamined Patent Publication No. 8-151270). 



[0094] The results of the measurement are shown in Table 3. 

5 



[Table 2] 



Milling conditions 


D 


Peripheral velocity co at outer periphery of rotor (cm/min) 


56270 


Number of rotation of rotor (rpm) 


2240 


Total weight of balls (g) 


2770 


Weight W 2 of raw material powder (g) 


2000 


Diameter d of milling chamber (cm) 


8 


Milling time T (min) 


15 


Slurry concentration (%) 


61.0 


X 


2.3X10 13 



[Table 3] 



No. 


Average particle diameter 

(|LLm) 


Particle diameter of 90 
volume percent (nm) 


Standard deviation 


Maximum particle diameter 
(urn) 


A 


0.81 


2.65 


1.24 


5.5 


B 


1.12 


4.65 


1.91 


9.0 


C 


0.78 


2.19 


0.65 


3.3 


D 


0.73 


1.04 


0.18 


1.2 


E 


0.26 


0.71 


0.31 


2.3 


F 


0.24 


0.56 


0.20 


1.1 



35 [0095] As seen in Table 3, the zirconia powder D of the present invention had an average particle diameter smaller 
than that of the commercially available zirconia powders A and B, and larger than that of the zirconia powders E and 
F. In addition, the zirconia powder D had a particle size distribution curve sharper than that of the commercially available 
zirconia powder C, although the zirconia powder C had a similar average particle diameter as the zirconia powder D. 
From these results, it has been found that the zirconia powder D of the present invention had high uniformity. 

40 

[Production of zirconia ceramics] 



Method for evaluating the properties of zirconia ceramics 



45 [0096] The properties of the zirconia ceramics were indicated by Weibull modulus (m). Weibull modulus (m) was 
obtained by the following steps. First, 20 sheet-shaped test pieces having a width of 4mm, a thickness of 0.2mm, and 
a length of 40mm were produced. Without adjusting the surface roughness and cutting-off the edges of the test pieces, 
the three-point bending strength of the test pieces was measured by a method defined in JIS R1601 . Then, based on 
Formula 1, a graph was made in a two-dimensional coordinate of lnln{1/(1-P f )} as y-axis and ln(o f -o u ) as x-axis. 

50 

[ Formula 1] Inln (t~L-) = mln (o f -a u ) -mlna Q 
1-H f 



55 [0097] In Formula 1, P f is failure probability, and is defined as Pf=n/(N+1) (N is the number of samples, and n is n- 
th sample.). a f is breaking bending strength, m is Weibull modulus, a 0 is a standardized factor, and a u is a stress 
obtained when P f is 0. The obtained three-point bending strength was substituted into a f . The intercept of the graph 
corresponded to -mlno 0 , and the inclination of the graph corresponded to Weibull modulus (m). The value of the incli- 
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nation of the graph was obtained by a least square method. 

[0098] Formula 1 is shown in the report titled "Strength, Reliability and Life Prediction of Ceramics" in "Refractory 
material" 39-489, 1987-No. 9 written by Yoshiharu Ozaki, on page 11, in right column ; as Formula (2). 

s Zirconia powder used in producing the zirconia ceramics 

[0099] Using three types of zirconia powders described below, three types of zirconia ceramics in the form of sheet 
were produced. 

10 CDThe zirconia powder produced in Example 1 . 

©The zirconia powder having an average particle diameter of 0.6 um and the maximum particle diameter of 3.7 
um, in which the particles of 90 volume percent thereof had a diameter of 1.12 urn The zirconia powder was 
produced by the following steps: 

is into AMV-1 type Apex Mill, added were 5.5kg of commercially available zirconia powder (OZC-8YC: a product 

of Sumitomo Osaka Cement Co., Ltd.) having an average particle diameter of 0.84 jam in which the particles 
of 90 volume percent had a diameter of 2.65 ujti, 44g of formic acid as a dispersant, and 4.544kg of pure water 
as a solvent. The mixture was wet-milled under the following conditions: 
Balls: 4kg of zirconia balls having a diameter of 0.5mm; 

20 Peripheral velocity at the outer periphery of the rotor: 5m/sec (driven by motor); and 

Milling time: 10 minutes 

©A commercially available zirconia powder having an average particle of 0.84 urn and the maximum particle 
diameter of 7.8 jam, in which the particles of 90 volume percent had a diameter of 2.65 um. 

25 

Production of the sheet-shaped zirconia ceramics 

[0100] Into 100 parts by weight of zirconia powder CD added were 50 parts by weight of a mixture of toluene/ethyl 
acetate (weight ratio: 1/1 ) in which 15 parts by weight of methacrylic acid ester copolymer was dissolved, and 2 parts 

30 by weight of dibutylphthalate as a plasticizer. The mixture was mixed with a ball mill, and after adjusting its viscosity, 
the resultant was formed into a green sheet having a thickness of 0.25mm by a doctor blade method. 
[0101] The green sheet was sintered at 1 450°C for 2 hours to produce a zirconia ceramic sheet having a thickness 
of 0.2mm. Weibull modulus (m) of the sheet was obtained by the above-described method. 
[0102] The same steps were repeated using the zirconia powders ©and©! respectively. 

35 [0103] The relationship between Weibull modulus (m) and the particle diameters are shown in Table 4. 

Production of bulk-shaped zirconia ceramics 

[0104] The zirconia powderQwas put into a rubber bag, and hydrostatic pressure of 2000 kg/cm 2 was applied thereto 
40 for 1 0 minutes to produce a bulk-shaped zirconia ceramics having a width of 30mm, a thickness of 6mm, and a length 
of 1 00mm. Then, the bulk-shaped zirconia ceramics was cut into a piece having a width of 4mm, a thickness of 4mm, 
and a length of 40mm. After polishing the surface of the cut piece, the piece was sintered at 1500°C for 2 hours. As a 
result, a test piece was obtained. 

[0105] The same steps were repeated using the zirconia powders ©and© respectively. 
45 [0106] Weibull modulus (m) of the test pieces was obtained by the above-described method. The relationship be- 
tween Weibull modulus (m) and the particle diameters is shown in Table 4. 



[Table 4] 





Zirconia powder 


Weibull modulus (m) 


Kind of 
zirconia 
powder 


Average 
particle 
diameter 

(UJTI) 


Particle 
diameter of 
90 volume 
percent (um) 


Maximum 
particle 
diameter (um) 


Sheet- 
shaped 
zirconia 
ceramics 


Bulk-shaped 
zirconia 
ceramics 


Present 
Example 


0 


0.66 


1.3 


3.7 


11 


13 



11 



EP 0 884 280 B1 



[Table 4] (continued) 





Zirconia powder 


Weibull modulus (m) 


Kind of 
zirconia 
powder 


Average 
particle 
diameter 


Particle 
diameter of 
90 volume 
percent (ujti) 


Maximum 
particle 
diameter (urn) 


Sheet- 
shaped 
zirconia 
ceramics 


Bulk-shaped 
zirconia 
ceramics 


Present 
Example 


© 


0.6 


1.12 


3.7 


11 


12 


Comparative 
Example 




0.84 


2.65 


7.8 


9 


10 



[0107] As seen in Table 4, the sheet-shaped and the bulk-shaped zirconia ceramics produced using the zirconia 
powders CD and (2) which correspond to the present invention, had high Weibull modulus (m). This result shows that 
the zirconia ceramics had uniform quality and high reliability. 

[0108] From this result, it is apparent that the use of a zirconia powder having an average particle diameter and a 
particle size distribution as specified in the present invention makes it possible to produce a zirconia ceramics having 
uniform quality and high strength 

[0109] Although the present invention has been fully described by way of example with reference to the accompa- 
nying drawings, it is to be understood that various changes and modifications will be apparent to those skilled in the 
art. Therefore, unless otherwise such changes and modifications depart from the scope of the present invention, they 
should be construed as being included therein. 



Claims 

1 . A zirconia powder having an average particle diameter in a range from larger than 0.5 um to 0.8 jam, and particles 
of 90 volume percent of the zirconia powder having a diameter of 1 .5 ujti or smaller. 

2. The zirconia powder according to claim 1 , wherein particles of 90 volume percent of the zirconia powder have a 
particle diameter 1 .5 to 2.0 times larger than the average particle diameter of the zirconia powder. 

3. A method for producing a zirconia powder comprising the step of wet-milling a raw material powder using balls 
under a condition satisfying a mathematical relation (I): 

1 X10 12 ^(W 1 2 ^W 2 )X(o) 2 ^-d)XT^1 X10 14 (I) 

where W 1 denotes the weight (g) of balls, W 2 indicates the weight (g) of the raw material powder, co denotes the 
peripheral velocity (cm/min) at an outer periphery of a rotor, d denotes the diameter (cm) of a milling chamber, and 
T denotes the milling time (min). 

4. The production method according to claim 3, wherein the raw material powder has an average particle diameter 
of larger than 0.8 um and particles of 90 volume percent of the raw material powder have a diameter of larger 
than 1 .5 um 

5. A method for producing a zirconia powder comprising the step of wet-milling a raw material powder using balls 
under a condition satisfying a mathematical relation (II): 

1X10 12 ^(W 1 2 -W 2 )X(0) 2 -d)XT^5X10 13 (II) 

where W-, denotes the weight (g) of balls, W 2 denotes the weight (g) of the raw material powder, co denotes the 
peripheral velocity (cm/min) at an outer periphery of a rotor, d denotes the diameter (cm) of a milling chamber, and 
T denotes the milling time (min). 
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6. The production method according to claim 4, wherein the raw material powder has an average particle diameter 
of 0.8 ujti or larger, and particles of 90 volume percent of the raw material powder have a diameter of larger than 
1.5 jLtm. 

7. A method for producing zirconia powder having an average particle diameter of 0. 1 to 0.8 ujti, and particles of 90 
volume percent of the zirconia powder having a diameter of 1 .5 ujti or smaller, comprising the step of wet-milling 
a raw material powder using balls, the raw material powder having an average particle diameter of 0.8 jam or larger, 
and particles of 90 volume percent of the raw material powder having a diameter of larger than 1 .5 urn, 

wherein the wet-milling is conducted under a condition satisfying a mathematical relation (II): 

1X10 12 ^(W 1 2 -W 2 )X(o) 2 -d)XT^5X10 13 (II) 

where VSI^ denotes the weight (g) of balls, W 2 denotes the weight (g) of the raw material powder, co denotes the 
peripheral velocity (cm/min) at an outer periphery of a rotor, d denotes the diameter (cm) of a milling chamber, and 
T denotes the milling time (min). 

8. A method for producing zirconia powder comprising the step of wet-milling a raw material powder using balls, 

wherein a slurry containing 30 to 70 weight percent of the raw material powder is wet-milled under a condition 
satisfying a mathematical relation (I): 

1 X10 12 ^(W 1 2 -W 2 )X(o3 2 ^d)XT^1 X10 14 (I) 

where W 1 denotes the weight (g) of balls, W 2 denotes the weight (g) of the raw material powder, co denotes the 
peripheral velocity (cm/min) at an outer periphery of a rotor, d denotes the diameter (cm) of a milling chamber, and 
T denotes the milling time (min). 

9. The production method according to claim 8, wherein the raw material powder has an average particle diameter 
of larger than 0.8 ujtl and particles of 90 volume percent of the raw material powder have a diameter of larger 
than 1 .5 urn 

10. The method according to claim 8 or 9, wherein the slurry includes 0.01 to 5 weight percent of a dispersant with 
respect to the raw material powder. 

11. A zirconia ceramic produced by using a zirconia powder as a raw material having an average particle diameter of 
larger than 0.5 to 0.8 urn, and particles of 90 volume percent of the zirconia powder having a diameter of 1 .5 um 
or smaller. 

12. A zirconia ceramic produced by using a zirconia powder as a raw material in which particles of 90 volume percent 
of the zirconia powder have a diameter of 1 .5 ujti or smaller that falls within the range of 1 .5 to 2.0 times larger 
than an average particle diameter of the zirconia powder ranging from larger than 0.5 um to 0.8 urn. 

13. The zirconia ceramics according to claim 11 or 12, having a form of sheet. 



Patentanspruche 

1. Zirkoniumoxidpulver mit einem mittleren Teilchendurchmesser im Bereich von mehr als 0,5 urn bis 0,8 pirn und 
Teilchen von 90 Volumen%des Zirkoni-umoxidpulvers, die einen Durchmesser von 1 ,5 ujti oder kleineraufweisen. 

2. Zirkoniumoxidpulver nach Anspruch 1, wobei Teilchen von 90 Volumen% des Zirkoniumoxidpulvers einen Teil- 
chendurchmesser aufweisen, der 1 ,5- bis 2,0 Mai groRer ist, als der mittlere Teilchendurchmesser des Zirkonium- 
oxidpulvers. 

3. Verfahren zur Herstellung eines Zirkoniumoxidpulvers, umfassend den Schritt der Nassvermahlung eines Rohma- 
terialpulvers unter Verwendung von Kugeln unter einer Bedingung, die der mathematischen Beziehung (I) geniigt: 
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1 x 10 12 ^ (W^ 4- W 2 ) x (cd 2 -h d) x T ^ 1 x 10 14 (I), 

worin W-| das Gewicht (g) von Kugeln bedeutet, W 2 das Gewicht (g) des Rohmaterialpulvers bedeutet ; co die 
5 Umfangsgeschwindigkeit (cm/min) an der auBeren Peripherie eines Rotors bedeutet, d den Durchmesser (cm) 

einer Vermahlungskammer bedeutet und T die Vermahlungszeit (min) bedeutet. 

4. Herstellungsverfahren nach Anspruch 3, wobei das Rohmaterialpulver einen mittleren Teilchendurchmesser von 
mehr als 0 ; 8 ujti und Teilchen von 90 Volumen% des Rohmaterialpulvers einen Durchmesser von mehr als 1,5 

*0 ujti aufweisen. 

5. Verfahren zur Herstellung eines Zirkoniumoxidpulvers, umfassend den Schritt der Nassvermahlung eines Rohma- 
terialpulvers unter Verwendung von Kugeln unter einer Bedingung, die der mathematischen Beziehung (ll)genugt: 

1 x 10 12 ^ (W^ 4- W 2 )x(co 2 ^d)xT ^ 5x 10 13 (II), 

worin W-, das Gewicht (g) von Kugeln bedeutet, W 2 das Gewicht (g) des Rohmaterialpulvers bedeutet, co die 
Umfangsgeschwindigkeit (cm/min) an der auBeren Peripherie eines Rotors bedeutet, d den Durchmesser (cm) 
20 einer Vermahlungskammer bedeutet und T die Vermahlungszeit (min) bedeutet. 

6. Herstellungsverfahren nach Anspruch 4, wobei das Rohmaterialpulver einen mittleren Teilchendurchmesser von 
0,8 |Lim oder grofter aufweist und Teilchen von 90 Volumen% des Rohmaterialpulvers einen Durchmesser von 
mehr als 1 ,5 |am aufweisen. 

25 

7. Verfahren zur Herstellung von Zirkoniumoxidpulver mit einem mittleren Teilchendurchmesser von 0 ; 1 bis 0,8 |um 
und Teilchen von 90 Volumen% des Zirkoniumoxidpulvers, die einen Durchmesser von 1,5 ujti oder kleiner auf- 
weisen, umfassend den Schritt der Nassvermahlung eines Rohmaterialpulvers unter Verwendung von Kugeln, 
wobei das Rohmaterialpulver einen mittleren Teilchendurchmesser von 0,8 jam oder groBer aufweist und Teilchen 

30 von 90 Volumen% des Rohmaterialpulvers einen Durchmesser von mehr als 1 ,5 ujti aufweisen, 

wobei die Nassvermahlung unter einer Bedingung durchgefuhrt wird, die der mathematischen Beziehung (II) ge- 
nugt: 

35 1 x 10 12 ^ (W., 2 - W 2 )x (co 2 - d)xT ^ 5x 10 13 (II), 

worin W-| das Gewicht (g) von Kugeln bedeutet, W 2 das Gewicht (g) des Rohmaterialpulvers bedeutet, co die 
Umfangsgeschwindigkeit (cm/min) an der auBeren Peripherie eines Rotors bedeutet, d den Durchmesser (cm) 
einer Vermahlungskammer bedeutet und T die Vermahlungszeit (min) bedeutet. 

40 

8. Verfahren zur Herstellung von Zirkoniumoxidpulver, umfassend den Schritt der Nassvermahlung eines Rohmate- 
rialpulvers unter Verwendung von Kugeln, wobei eine Aufschlammung, die 30 bis 70 Gewichtsprozent des Roh- 
materialpulvers enthalt, unter einer Bedingung nassvermahlen wird, die der mathematischen Beziehung (l)genugt: 

45 

1 x 10 12 ^ (\N* -s- W 2 ) x (co 2 + d) x T ^ 1 x 10 14 (I), 

worin W-| das Gewicht (g) von Kugeln bedeutet, W 2 das Gewicht (g) des Rohmaterialpulvers bedeutet, co die 
Umfangsgeschwindigkeit (cm/min) an der auBeren Peripherie eines Rotors bedeutet, d den Durchmesser (cm) 
50 einer Vermahlungskammer bedeutet und T die Vermahlungszeit (min) bedeutet. 

9. Herstellungsverfahren nach Anspruch 8, wobei das Rohmaterialpulver einen mittleren Teilchendurchmesser von 
mehr als 0,8 ujti aufweist und Teilchen von 90 Volumen% des Rohmaterialpulvers einen Durchmesser von mehr 
als 1,5 jam aufweisen. 

55 

10. Verfahren nach Anspruch 8 oder 9, wobei die Aufschlammung 0,01 bis 5 Gewichtsprozent eines Dispersants, 
bezogen auf das Rohmaterialpulver, einschlieBt. 
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11. Zirkoniumoxidkeramik, hergestellt unter Verwendung eines Zirkoniumoxidpulvers mit einem mittleren Teilchen- 
durchmesser von mehr als 0,5 bis 0,8 um und Teilchen von 90 Volumen% des Zirkoniumoxidpulvers, die einen 
Durchmesser von 1 ; 5 um oder kleiner aufweisen, als Rohmaterial. 

12. Zirkoniumoxidkeramik, hergestellt unter Verwendung eines Zirkoniumoxidpulvers, in dem Teilchen von 90 Volu- 
men% des Zirkoniumoxidpulvers einen Durchmesser von 1 ,5 ujti oder kleiner aufweisen, der in den Bereich des 
1 ,5- bis 2,0-fachen als ein mittlerer Teilchendurchmesser des Zirkoniumoxidpulvers, der im Bereich von mehr als 
0,5 um bis 0,8 urn liegt, fallt, als Rohmaterial. 

13. Zirkoniumoxidkeramik nach Anspruch 11 oder 12, welche die Form einer Platte aufweist. 



Revendications 

1. Poudre de zircone ayant un diametre moyen de particules compris dans la plage allant au-dela de 0,5 um - 0,8 
um, 90 % en volume des particules de la poudre de zircone ayant un diametre de 1 ,5 jam ou moins. 

2. Poudre de zircone selon la revendication 1 , dans laquelle 90 % en volume des particules de la poudre de zircone 
ont un diametre de particules de 1 ,5 a 2,0 fois superieur au diametre moyen des particules de la poudre de zircone. 

3. Procede de preparation d'une poudre de zircone, comprenant I'etape consistant a broyer par voie humide une 
poudre en tant que matiere premiere en utilisant des boulets dans des conditions satisfaisant a la relation mathe- 
matique (I) : 

1 x 10 12 < (W., 2 - W 2 ) x (cd 2 -i- d) x T < 1 x 10 14 (I) 

dans laquelle W-, designe le poids (g) des boulets, W 2 indique le poids (g) de la poudre en tant que matiere 
premiere, co designe la Vitesse peripherique (cm/min) a la peripherie exterieure d'un rotor, d designe le diametre 
(cm) d'une chambre de broyage ; et T designe le temps de broyage (min). 

4. Procede de preparation selon la revendication 3, dans lequel la poudre, en tant que matiere premiere, a un diametre 
moyen de particules superieur a 0,8 urn, et 90 % en volume des particules de la poudre en tant que matiere 
premiere ont un diametre superieur a 1 ,5 um 

5. Procede de preparation d'une poudre de zircone, comprenant I'etape consistant a broyer par voie humide une 
poudre, en tant que matiere premiere, en utilisant des boulets dans des conditions satisfaisant a la relation ma- 
thematique (II) : 

1 x 10 12 < (W^ - W 2 ) x (co 2 -i- d) x T < 5 x 10 13 (II) 

dans laquelle W-, designe le poids (g) des boulets, W 2 designe le poids (g) de la poudre en tant que matiere 
premiere, co designe la Vitesse peripherique (cm/min) a la peripherie exterieure d'un rotor, d designe le diametre 
(cm) d'une chambre de broyage ; et T designe le temps de broyage (min). 

6. Procede de preparation selon la revendication 4, dans lequel la poudre, en tant que matiere premiere, a un diametre 
moyen de particules de 0,8 ujti ou plus, et 90 % en volume des particules de la poudre en tant que matiere premiere 
ont un diametre superieur a 1 ,5 urn. 

7. Procede de preparation d'une poudre de zircone ayant un diametre moyen de particules de 0,1 a 0 ; 8 urn, 90 % 
en volume des particules de la poudre de zircone ayant un diametre de 1,5 um ou moins, comprenant I'etape 
consistant a broyer par voie humide une poudre, en tant que matiere premiere, en utilisant des boulets, la poudre 
en tant que matiere premiere ayant un diametre moyen de particules de 0,8 um ou plus, et 90 % en volume des 
particules de la poudre formant la matiere premiere ayant un diametre superieur a 1 ,5 um, 

procede dans lequel on effectue le broyage par voie humide dans des conditions satisfaisant a la relation 
mathematique (II) : 
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1 x 10 12 < (W^ 4- W 2 ) x (cd 2 -h d) x T < 5 x 10 
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(II) 



dans laquelle designe le poids (g) des boulets, W 2 designe le poids (g) de la poudre en tant que matiere 
premiere, co designe la Vitesse peripherique (cm/min) a la peripherie exterieure d'un rotor, d designe le diametre 
(cm) d'une chambre de broyage ; et T designe le temps de broyage (min). 

8. Procede de preparation d'une poudre de zircone, comprenant I'etape consistant a broyer par voie humide une 
poudre, en tant que matiere premiere, en utilisant des boulets, 

dans lequel on broie par voie humide une suspension contenant de 30 a 70 % en poids de la poudre en tant 
que matiere premiere dans des conditions satisfaisant a la relation mathematique (I) : 



dans laquelle W-, designe le poids (g) des boulets, W 2 indique le poids (g) de la poudre en tant que matiere 
premiere, co designe la Vitesse peripherique (cm/min) a la peripherie exterieure d'un rotor, d designe le diametre 
(cm) d'une chambre de broyage ; et T designe le temps de broyage (min). 

9. Procede de preparation selon la revendication 8, dans lequel la poudre en tant que matiere premiere a un diametre 
moyen de particules superieur a 0,8 ujti, et 90 % en volume des particules de la poudre en tant que matiere 
premiere ont un diametre superieur a 1 ,5 urn 

10. Procede selon la revendication 8 ou 9, dans lequel la suspension comprend de 0 ; 01 a 5 % en poids d'un dispersant 
par rapport a la poudre en tant que matiere premiere. 

11. Ceramique a base de zircone produite en utilisant une poudre de zircone en tant que matiere premiere, ayant un 
diametre moyen de particules superieur a 0,5 - 0,8 urn, et 90 % en volume des particules de la poudre de zircone 
ayant un diametre de 1 ; 5 ujti ou moins. 

12. Ceramique a base de zircone produite en utilisant une poudre de zircone en tant que matiere premiere, dans 
laquelle 90 % en volume des particules de la poudre de zircone ont un diametre de 1,5 urn ou moins, qui sont 
comprises dans la plage de 1,5 a 2,0 fois superieure a un diametre moyen de particules de la poudre de zircone 
qui est superieur a 0,5 - 0,8 urn 

13. Ceramique a base de zircone selon la revendication 11 ou 12, ayant la forme d'une feuille. 



1 x 10 12 < (W., 2 + W 2 ) x (co 2 + d) x T < 1 x 10 
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FIG. 1 
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